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ILLUMINATING POWER OF KEROSENES. 241 
ILLUMINATING POWER O:B1 KEIWSENES -USED IN IOWA. 
WILLIAM KUNERTH. 
HISTORICAL. 
The kerosene oil industry in the United States dates back to about 
the year 1850, although evidences are found in the oil producing regions 
of Pennsylvania which indicate that the existence of the oil was known 
long before that date. 
According to Brannt,1 the first barrel of oil was delivered to Messrs. 
Stout and Hand of Brooklyn in December, 1857, at seventy cents per 
gailon, and hence this firm may be considered as having sold the first 
illuminating oil in the United States. Soon the price rose to $2.00 per 
gallon. 
At that time the flame diminished rapidly in height, and went out 
on its own account in a short time, even when the basin was still half 
full of oil. . The co~or of the oil soon changed to a dirty dark brown so 
that people did not wish to keep it in glass vessels. Then too, an of-
fensive odor filled the house where the oil was burned. The facilities 
for mining the oil and for refining it were much more crude and un-
satisfactory than at present. Notwithstanding these difficulties and 
drawbacks, people were anxious to buy this new oil and scientists were 
invited to inspect it and take Silmples home for chemical analysis. 
As improvements were made in the production of the oil the industry 
grew apace until in 1877 (only twenty years after selling the first 
barrel) approx}mately 13% million barrels were sold. It was coming 
into prominence as an illuminant, and was rapidly replacing tallow 
candles, fagots, torches, and the use of vegetable and animal oils for 
that purpose. 
The use of kerosene soon made night reading a general practice. 
Every body could now read, and every body did read. Dr. David T. 
Day states that the progress of the countries of the civilized world to-
day is in nearly every case directly proportional to their consumption 
of kerosene. 
In 1911 the total production was 345,512,185 barrels. 2 Of this the 
Vnited States produced practically two-thirds. '11hat the amount of 
1 Petroleum and its Products, and Natural Gas, p. 9. 
'The Production of Peti·oleum in 1911, by D. T. Day. Vvashington 1912, p. 7. 
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petroleum produced should be increasing between five and ten per cent 
annually may at first seem surprising. But the extended introduction 
of electric and gas illuminants in cities and towns, and the partial sub-
stitution of acetylene lighting for kerosene oil lamps in the country is 
more than offset by the increased number of lights reqliired, and the 
numerous other uses to which oil has been put recently. 
THE KEROSENE OIL LAMP AS AN ILLUMINANT. 
It would appear desirable to find the best kerosene oil for illuminating 
purposes, and the conditions under which it should be used, as it seems 
destined to be th~ chief artificial illuminant in many places for some 
time to come, and to retain in a large measure the prominent position 
it has held. In agricultural districts and for all isolated dwellings it 
is practically the only illuminant used. Nor need it be replaced; for, 
as regards cost of installation or general adaptability it is at once the 
most economical system of illumination available. It is self-contained 
and portable, besides being a very reliable source of light as attested 
by its use in railroad signals. Nor is the pm"ty using it effected by any-
thing that corresponds to irregularities that occur in the working of 
the power or gas plant. There are few, if any, artificial illuminants 
which yield a light so free from detriment to the eyesight as does the 
oil lamp, because it contains an abundance of yellowish rays from the 
middle of the spectrum. 
The low intrinsic brilliancy of the kerosene oil flame is in its favor. 
By intrinsic brilliancy is meant the candle power per unit area. This 
varies with the height of the flame, a'nd was found to be about six 
candle povrnr per square inch when the flame was at its optimum adjust-
ment. When the flame is lower the intrinsic brilliancy is higher and 
vice versa. Moreover, it varies with the density of the oil used, being 
about 4.8 candle power per square inch for a light oil, and about 7.2 
candle power per square inch for heavy oil. For the candle the intrinsic 
brilliancy is approximately three candle power per square inch. 
Almost all the modern electric illuminants have a very high intrinsic 
brilliancy (about 1,000 candle power per square inch for the tungsten 
filament), and hence shades, globes and reflectors are made necessary. 
But by this means the total flux of light can never be increased, only 
decreased; and the installation is less efficient because of it. 
Being essentially a small illuminant, the kerosene oil lamp is placed 
close to the object viewed. 1£ the reader finds that he is inconvenienced 
by glare due to the specular reflection from the paper, he can shift his 
position, or that of the lamp slightly and thereby avoid the difficulty. 
.~· 
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If he finds that the illumination is too low or too intense, a slight change 
in the distance from the lamp to the paper he is reading will make 
considerable difference in the illumination on the paper. This is not 
the case when the source of light is far from the surface which is to 
be illuminated, as is usual with electric lamps. 
OBJECT OF EXPERIMENTS. 
This series of experiments was conducted with a view toward deter-
mining the quality of kerosene oils used in this state, and to ascertain 
the relations existing between the illuminating power of a kerosene oil 
nnd some of its physical properties. For a fuller treatment of this 
subject, consult the bulletin of the Engineering Experiment Station of 
the Iowa State C~llege under the same heading (No. 37). 
When the relations existing between the illuminating power and the 
physical characteristics of an oil are known, the usefulness of the oil as 
an illuminant can be specified without actually testing it by burning 
some in a lamp. The latter is a long and tedious process, and has to 
be done with great care to get significant results. This may account 
for the fact that phys'ical methods of investigating this problem have 
been tried very little. These experiments demonstrate the use of prac-
tical photometry, for in no other way can the exact flux of light from 
a flame be ascertained at all definitely. They also present conditions 
that must obtain to secure the best results from kerosene oil when used 
as an illuminant. 
APPARATUS. 
A two-meter photometer bar, a Lummer-Brodhun screen of the con-
trast type, a standard voltmeter, a small kerosene lamp with a No. 2 
falt-wick burner, a laboratory balance, storage cells, and primary and 
secondary incandescent carbon lamps were the most important pieces · 
of apparatus used in determining the illuminating power. The wicks 
used were all of the same make, and seven-eighths of an inch wide. 
The weights were standardized before the test was begun and were 
used throughout as were also all other pieces of apparatus. · The oil 
chamber of the lamp used was of metal and had a volume of approxi-
mately one pint. The same quantity of oil (about one-half pint) was 
used in each test in order that the temperature effect prbduced upon 
the oil in the basin might be as nearly the same as possible. For the 
flash and burn points the apparatus used was that of Dr. A. H. Elliott. 
It is the one our State Oil Inspectors use, being recommended by the 
State Board of Health. 
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ILLUMINATING POWER-HOW DETERMINED. 
As here used the term Illuminating Power means the number of 
candle-power-hours-per-gallon of oil. The candle power ·was measured 
in one direction only, and that was perpendicular to the plane of the 
flat flame. 'rhe candle power hours are obtained by multiplying the 
average candle power by the time required to consume one gallon. 
'rhus, when the illuminating power is given as 1,100, it means that the 
flux of light obtained is equivalent to that of a lamp burning at one 
candle power for 1,100 hours. A new wick was used for every sample 
of oil tested. The lamp was placed in one pan of a balance at the end 
of the photometer bar with the flame always at the same point and 
perpendicular to the bar. A setting of the photometer screen was made 
every twenty seconds, and the results averaged. It was necessa:ry to 
take readings thus frequently, for the candle power was continually 
changing. Forty-five readings were taken with the flame at any one 
adjustment.· The amount of oil burned and the time during which it 
was burned, were determined by a balance and a stop watch respectively. 
Several determinations were made with the flame at different heights 
and a curve plotted with the candle power as abscissae and illuminating 
power as ordinates. As stated by Stewart3 the illuminating power was 
found to approach a maximum as the flame is increased in height and 
decreases at about the same rate as the height of the flame is still more 
increased. The best height of the flame differed for different oils and 
also depended upon atmospheric conditions. It, was therefore constant 
for no two consecutive trials. By several preliminary tests the height 
of the flame at which to burn the lamp to be somewhere near the opti-
mum adjustment could be ascertained approximately. It therefore be-
came unneces$ary to test the flame either when very low or very high. 
VThen the flame burned at its maximum illuminating power approxi-
mately an ounce of oil was consumed per hour. At the optimum adjust-
ment the average candle power for the samples tested was 9.3. 
One cannot tell by the height of the flame whether he is burning a 
lamp at conditions of maximum illuminating power or not. That must 
be determined by experiment. It is partly for the same reason that 
people employing kerosene as an illuminant do not kno•v whether they 
are using a good oil or not. They know neither the flux of light ob-
tained nor the amount of oil burned. 
Because of the dependence of the illuminating po-vver on atmospheric 
conditions, it was found necessary to test a sample known as the standard 
sample every day when unknown specimens were tested, and then the 
results were reduced to correspond to those of the standard sample. 
'Physical Rev. Vol. 31, p. Gl i. 
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RELATION OF COST TO ILLUMINATING POWER. 
As a rule the greater flux of light is obtained from a gallon of the 
cheaper oil, in fact it might be stated that the lower the cost the higher 
the illuminating power. The cost of 1,000 candle-power-hours of each 
oil is seen to vary over a wide range as shown in table II. 
Cost per Gallon 
10 cents 
12 cents 
13 cents 
15 cents 
18 cents 
2(} cents 
TABLE II. 
Average 
Illuminating 
Power 
1114 
1105 
1115 
1090 
948 
1019 
Number 
of Samples 
5 
6 
6 
. 22 
8 
8 
Average Cost of 
1000 C. P. Hours 
8.9 cents 
10.9 cents 
11.7 cents 
13.8 cents 
19.2 cents 
19.7 cents 
When considering only the seven samples of red oil tested, it was 
found that the average cost is 18.57 cents per gallon, their average il-
luminating power is 952 candle-power-hours-per-gallon, and the cost of 
1,000 candle-power-hours is 19.6 cents, thus showing that it is less eco-
nomical to purchase red oil. The common belief that the more expensive 
oils are the better is here clearly shown to be false. As a rule, they are 
obtained from eastern oil fields, but give less light than the oils from 
the west whether considering the total flux of light from a gallon or 
that obtained for unit cost. Even at the same price per gallon, the 
oils now sold for the least cost would be the better bargain. 
DENSITY AND ITS RELATION TO ILLUMINATING POWER. 
The density of the oils was obtained by the use of a specific gravity 
bottle in the ordinary way, and could be determined with great accuracy. 
Corrections were made for temperature as usually, the coefficient of 
expansion being assumed constant for the different samples. The results 
showed a fairly definite relation between density and illuminating 
power. The average density of the oils whose illuminating power is 
less than 1,100 candle-power-hours-per-gallon is 0.801 grams per cubic 
centimeter, while the average density of the oils whose illuminating 
power is more than 1,100 candle-power-hours-per-gallon is 0.818 grams 
per cubic centimeter, thus showing that the illuminating power increases 
with the increase in density. 
7
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FLASH POINT, AND ITS RELATION TO ILLUMINAT·ING POWER. 
The flash point as defined by the law of the state is the lowest tem-
perature at which sufficient vapor is given off to produce a perceptible 
flash when a small flame is passed over the surface of the oil. The law 
requires that the flash point should be above 100 degrees F. The lowest 
flash point found in all the samples tested was 102 degrees F. The 
flashing test is a very important test as it is the inflammable vapor 
evolved that causes accidents. In recent years the great· demand for 
gasoline has caused refiners to distil off more of the lighter ingredients 
and hence leave the average kerosene oil denser, and less volatile than 
formerly. 
From certain experiments it appears that the temperature of the oil 
in burning lamps often rises above 100 degrees F. The temperature 
fixed by the law of the state at or below which an oil shall not flash, is 
therefore not too high. 
The oils having a high illuminating power were found also to have 
a high flash point and vice versa. The average flash point of the oils 
having an illuminating power of less than 1,100 candle-power-hours-per-
gallon is 110, while that of the oils having an illuminating power above 
1,100 candle-power-hours-per-gallon is 116. 
BURN POINT AND ITS RELATION TO ILLUMINATING POWER. 
The lowest point at which an oil will ignite and burn is to be taken 
as the burning point. The results of this test showed that an oil having 
a high flashing test also has a high burning test, whereas the reverse 
· is not true. In the flash test only the vapor over the oil burns or ex-
plodes, the oil itself is not affected; in the burn test the oil continues to 
burn on the surface. The two points can therefore never agree, and 
in these tests there was found a difference ranging from 18 degrees to 
4 7 degrees F. 
While the relation between the illuminating power and the burn point 
is not as well marked as between the illuminating power and the flash 
point, the figures seem to indicate clearly that an "oil with high burn 
point can be expected to have a high illuminating power and vice versa. 
VISCOSITY AND ITS RELATIO'N TO ILLUMINATING POWER. 
The relative viscosities were determined by means of a long capillary 
tube. In general it may be stated that the oils with high illuminating 
power are comparatively viscous. A range of over fifty per cent was 
found in viscosity. 
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SURFACE TENSION AND ITS RELATION TO ILLUMINATING POWER. 
The surface tension of these kerosenes was determined by the drop 
method. Three hundred drops of each sample were weighed, and these 
weights taken as proportional to the surface tensions. Corrections were 
made for temperature as usually. A high surface tension is in general 
accompanied by a high illuminating power of a kerosene. 
FOGGING OF CHIMNEY. 
This series of tests afforded an excellent opportunity to determine 
which oils fog the chimney most and which least. This was done by 
first having the standard sample of oil fog a chimney and then com-
paring with it another chimney fogged by another sample. It can be 
said that the heavier oils fog the chimney more than the lighter oils do. 
This necessarily does much to counteract the low illuminating power 
of the lighter oils as in the case of these latter the labor or expense of 
cleaning the chimney is lessened. It should, however, be noted that the 
oils which fog the chimney most, thereby reduce their apparent candle 
power, and hence their illuminating power is even better than recorded 
on account of the absorption of light by the fogged chimney. In other 
words, the flame that fogs the chimney most is at a disadvantage when 
the burning quality or the illuminating power is determined. 
ILLUMINATING POWER AND CHARRING OF WICKS. 
Another part of this work consisted in determining the length of 
wick charred after a lamp had burned for a definite period. With the 
wick newly trimmed, the lamp was burned for twenty hours, and it was 
observed that in general the oils that gave the lowest illuminating power 
had charred the wicks most. This would seem natural, as charring of 
the wick is probably due to foreign matter in the oil. In these tests 
the flames were started at practically the same candle-power, with the 
same amount of oil in the basin, and using the same chimney and 
burner. 
OPTICAL PROPERTIES. 
Red Oil.-Among the samples collected were seven that had been 
colored red, probably either with alkanet root or with red aniline. It 
will readily be noticed by reference to the table that the illuminating 
power is less for these oils than for the others. It will also be noticed 
that the density of these oils is low, and that, as previously stated, one 
might expect a low illuminating power. Accordingly, one of the heavy 
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oils was colored with alkanet root in the laboratory and tested. It was 
found that even with a slight coloring its illuminating power was de-
creased by almost two per cent. While the amount of coloring matter 
introduced is very small, it nevertheless seems sufficient to increase the 
clogging of the wick appreciably. 
Index of Refraction.-The index of refraction was determined by the 
prism method. The data indicate that high illuminating power and 
high index of refraction go together, and that knowing the latter the 
former could in general be foretold. 
Effect of Light on Illuminating Power.-A glass bottle filled with 
kerosene and securely corked was placed outdoors where it was exposed 
to daylight and sunlight for six weeks. At the end of that time the 
oil was tested again. It was found to have suffered a decrease of fifteen 
per cent in its illuminating power. According to Brannt4 ozone is 
formed when oil is exposed to light. 'rhis is probably responsible for the 
reduction in the illuminating power. It therefore seems advisable not 
to keep kerosene oil where it is exposed to light. 
SCOPE AND RELIABILITY OF TEST. 
Of the sixty-one samples tried in all, a few were duplicates in brand 
and several in price. Almost all of the samples tested were gotten in 
close succession in order to be able to compare the prices at which they 
were retailed, owing to the unsteadiness in the market. The oils were 
gathered in gallon lots in person. In general it was the purpose to get 
as great a variety of samples used in this state as it was possible to get. 
It was considered advisable to test a great many samples, and to 
gather them from many different localities in order to make a fair and 
comprehensive test of the oils used. Accordingly oils were gotten from 
thirteen different cities and from forty-five different merchants in. this 
state. 
Five samples were purposely duplicated, i. e., a gallon of the same 
brand was bought from the same dealer. This was done six months 
after the first samples were gotten in order to determine whether any 
brand of oil could be relied upon as giving the same result even if it 
came from another tank, and had probably been refined at another time. 
No. 56 is a duplicate of No. 10. 
No. 57 is a duplicate of No. 9. 
No. 58 is a duplicatj:l of No. 8. 
No. 59 is a duplicate of No. 34. 
No. 60 is a duplicate of No. 55. 
•Petroleum and its Products, and Natural Gas, p. 46. 
~·· 
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These special samples were duplicated because they were in general 
roost readily accessible, and, because among them were found some of 
the poorest and some of the best oils in the whole series. It will be 
noticed that these duplicates check the originals with reasonable close-
ness .. The brand name was gotten from the dealer whenever possible, or 
from the distributing house whence the dealer bought his oil. It is to 
be regretted that for a few of them,-among these some of the best,-it 
was impossible to obtain the brand name. 
COLOR OF KEROSENE F'.LA:ME. 
Perhaps every one has noticed that in general the light from a tung-
sten lamp is more nearly white than is that from a kerosene oil lamp. 
That there is a difference in the color of the flame· produced by different 
samples of kerosene oil, may not be so generally known. It was noticed 
during the progress of these experiments that the flames from the lighter 
oils were more nearly white than those from the denser oils. The color 
also varies considerably with the height of the flame, being more nearly 
white when the flame is low. This seems due to the fact that when the· 
flame is turned higher the carbon particles get red hot, no longer white 
hot. 
RELATIVE COST OF TUNGSTEN AND KEROSENE ILLUMINATION. 
Inasmuch as the tungsten lamp is the chief illuminant where it is 
available at present, it seemed desirable to make a comparison between 
the cost for a certain :flux of light from a tungsten lamp, and for that 
from a kerosene lamp. The cost of kerosene illumination from the 
average of the samples tested is found to be 19 cents per 1,000 mean-
spherical-candle-power-hours. By mean-spherical-candle-power is meant 
the average candle power of a source taken over the surface of a sphere 
having its center at the source of light. 
At an efficiency of 1.25 watts per mean-horizontal-candle-power for 
tungsten lamps and at a cost of 11.'7 cents per kilowatt hour (the cost 
of electric energy at Ames), the price of tungsten illumination is also 
19 cents per 1,000 mean-spherical-candle~power-hours. 
Ordinarily then, the cost of illumination is practically the same 
whether tungsten lamps are used or kerosene oil lamps are used, it being 
understood that this is for the same flux of light. However, with kero-
sene illumination rooms are very seldom lighted up to the same degree 
of brightness as they are with modern electric lamps. Nor does this 
·calculation take into consideration the numerous factors that must be 
reckoned with when the total cost of an illuminant is determined. 
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BURNING QUALITY. 
By "burning quality" is meant the ability of a flame to remain a 
constant height. The retrogression of the flame has been ascribed to 
various factors. One of these is the clogging of the wick by the residue 
in the oil; one is the temperature at the wick producing charring; an-
other is the lowering of the oil in the holder. It used to be thought that 
oil became denser as some of it was burned, and that this caused a 
retrogression in the candle power. This, however, ·has been shown by 
several experimenters5 not to be the case. 
In this series of experiments the candle power was determined hourly 
for eight hours immediately preceding the end of a twenty-hour interval 
at the beginning of which the first reading was taken. In approximately 
half of the cases the candle power at the end of twenty hours was 
higher than when the first reading was taken, which was about twenty 
minutes after lighting the lamp. This shows that tests that run for less 
.ihan twenty hours show little if anything concerning the "burning 
quality.'' The flame fluctuates constantly, and at the end of one hour 
may be quite different from what it was when the first reading· was 
taken, but it usually comes back more or less closely to its normal candle 
power. In a few cases a lamp was burned for considerably longer than 
twenty hours (as many as thirty-nine hours in one case) , and even then 
the flame was higher in some cases at the end of the series of observa-
tions than near the beginning. 
. It seems then, that the oils used in this state have practically the 
same burning quality when tested under the same conditions, and they 
are of sufficiently high grade that no depreciation in flame height or 
candle power would be noticed during the time that an ordinary lamp 
takes to burn dry, even when tested by accurate photometrical means. 
ILLUMINATING POWER AND DRAFT. 
The experiments here recorded were performed when the ventilating 
fans were shut off so as to produce a minimum amount of :flickering of 
the flame. The standard sample was tested immediately before or very 
soon after any sample was tested, and hence no error was introduced 
on account of the air becoming vitiated or changed in any other way. 
For the sake of determining the effect of the draft on the illuminating 
power a small office fan was set in operation a few feet from the lamp 
so as to produce an appreciable draft, and the illuminating power was 
determined. It was found that with the flame at the same height the 
'Brannt, "Petroleum and its Products, and Natural Gas," p. 58. 
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illuminating power was about seven per cent less when the fan was 
~ running than when it was not running. There was a decrease in the 
candle power, and a much greater decrease in the illuminating power 
when the fan was running. 
EFFECT OF AIR ON THE ILLUMINATING POWER OF AN OIL. ;- . 
1! It was thought desirable to determine the effect· on the illuminating 
power of kerosene oil when air is stirred into it. Accordingly a sample 
of an oil was placed in an open bottle _and left in a dark room. Air 
was stirred into it several times a day for six weeks. On testing, its 
illuminating power was found to have decreased by seven per cent. 
QUANTITY OF OIL OBTAINED. 
Inasmuch as a great number of samples were collected, the quantity 
'Of oil received on an average when a gallon was paid for was significant. 
'fable I shows that in no case was more than 97 per cent of a gallon 
-obtained. This could not be due to the deficiency in the size of the 
·can for it was determined by actual measurement that out of fifty-one 
cans, only three were found slightly wanting in volume, and these three 
.contained on an average as much oil as the others. 
SUMMARY. 
Th~ results of this series of experiments can be summarized as follows: 
1. · By the application of ordinary photometric methods great differ-
€nces in the illuminating power of different samples of kerosene ojls 
have been shown. 
2. Oils from the east have a lower density and are sold at a higher 
price than those from the west. 
3. Those oils which have a high illuminating power were found 
:also to be high in density, index of refraction, viscosity, surface tension, 
. flash point, and burn point. The length of wick charred was shorter, 
and the fogging of the chimney was more marked than for the oils 
having low illuminating power. 
4. The oils which were retailed at lower cost gave more light. 
5. By putting coloring matter into an oil the illuminating power is 
decreased. 
6. ; By exposing oil to light, the illuminating power is decreased. 
7. Draft reduces the illuminating power. 
8. The denser the oil the greater is the intrinsic brilliancy of the 
ilame. 
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9. Air in oil seems to decrease the illuminating power. 
10. For a given flux of light the cost of illumination by kerosene 
oil lamps is about the same as that by tungsten lamps. 
11. The oils used in this state have practically the same burning 
quality. 
12. Kerosene oil lamps are not very desirable as standards of com-
parison. 
13. The quantity of oil received for a gallon is often very deficienL 
14. The lighter the oil the more nearly white is the flame. 
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